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Introduction
Mechanically stirred vessels are widely used in a broad range of chemical process industries, and their purpose varies from mixing different materials or generating solids suspensions to enhancing heat and mass transfer. The geometric configuration of both impeller and tank, together with the fluid physical properties, in particular viscosity, dramatically affect the fluid dynamics of the system. For Newtonian fluids general guidelines for the most appropriate geometric configuration in different applications are available in the literature (Paul et al., 2004; Zlokarnik, 2003; Nienow et al., 1997) . Conversely, even if non-Newtonian fluids are employed in many industrial processes, less information is available about them. These fluids are complex to mix, and often sophisticated impeller designs are required (Kresta et al., 2015; Chhabra and Richardson, 2011) . This is the case in the oral health industry, where highly viscous non-Newtonian fluids are used in the 80% -40ºC -exp 80% -60ºC -exp 40% -40ºC -exp 40% -60ºC -exp
Fig. 1 -Viscosity profile and rheogram of samples at different gel mass fractions and temperatures.
sumption is calculated from the torque applied by the impeller to the fluid:
where M is the overall moment of the stress force about the point located at the bottom of the tank on the axis of rotation of the impeller (the z-axis), r is the position vector, n is the unit vector normal to the surface, A I is the surface of the impeller and is the stress tensor, equal to:
where p is the fluid dynamic pressure, I is the identity tensor and is the deviatoric (i.e., the traceless) stress tensor of the fluid. The power consumption of the impeller can easily be calculated using the following equation:
where M z denotes the axial component (that is, the component in the z direction) of the vector M, and N is the impeller angular speed in rotations per unit time.
Experimentally, there are a number of different ways to measure the power required for mixing (Ascanio et al., 2004; Paul et al., 2004) .
In the recent literature on non-Newtonian fluid mixing, investigators have used torque meters extensively to measure power consumption mainly for validating CFD models, as in the following studies. Ameur (2015) studied the efficiency of four impeller configurations (Maxblend, gate, anchor, and double helical ribbon) for mixing yield stress fluids; he used experimental power consumption data available in the literature (Patel et al., 2012) for the anchor and Maxblend impellers to validate the model. Zhang et al. (2014) measured the power during mixing of corn-stover and water (shear thinning fluid) at three different scales (5, 50, and 500 l), and used the findings to validate a CFD model. Pakzad et al. (2013a) studied computationally and experimentally the hydrodynamics and the mixing performance of a coaxial impeller that combined Scaba and anchor geometries for the mixing of yield stress fluids. They developed a correlation for the specific master power curve (power number versus generalised Reynolds number) that applies to the particular system investigated, which they used to validate a CFD model.
Apart from power consumption, velocity fields in the stirred vessel can also be used to validate CFD models. Sossa-Echeverria and Taghipour (2015) obtained velocity profiles of yield stress and shear thinning fluids stirred with three different side-entered axial flow impellers using particle image velocimetry (PIV) and evaluated the cavern formation around the impeller. Comparable results were found with the CFD model. Khapre and Munshi (2015) studied computationally the entropy generated by a Rushton turbine in a baffled tank when mixing shear thinning fluids. The computational velocity profiles were compared against experimental ones available in the literature (Wu and Patterson, 1989; Dyster et al., 1993; Venneker et al., 2010) A number of studies have looked at the variation of properties in the mixing system over time as a validating tool for CFD models. Kazemzadeh et al. (2016) studied the mixing time and efficiency of a coaxial mixer (Scaba-anchor system) using yield stress fluids. They developed a CFD model of the mixing system, and they validated experimentally the model using the ERT technique: they injected a tracer in the mixer and they tracked the concentration of it over time at different positions of the vessel. Then, they analysed the effect of the yield stress coefficients together with the speed ratio of the two impellers on the mixing time and power consumption. Hurtado et al. (2015) developed a CFD model of a continuous stirred tank reactor (CSTR), used in wastewater treatment plants, agitated by recirculation of material. To validate the model experimentally, they introduced particles in the system and measured their concentration in the outlet line over time. Patel et al. (2015) developed a CFD model of a baffled stirred tank fitted with a Rushton turbine to quantify the mixing/stagnant volume fraction as a function of the rheological properties of yield stress materials in continuous flow. To evaluate this, a tracer was injected into the inlet and the conductivity of the mixture was measured over time in the outlet.
The good agreement between experiments and modelling in the works above demonstrated the applicability of this validation methodology (that is, change of properties over time).
Carbopols are high molecular weight synthetic polymers of acrylic acid that are widely used in the pharmaceuticals and consumer health- care industries as thickening agents (Barry and Meyer, 1979) . A large number of Carbopol formulations is available. Carbopol gels are usually prepared as dispersions of Carbopol molecules in water, albeit other water-miscible solvents are also used (Bonacucina et al., 2004) .
The rheological properties of Carbopol gels dramatically depend on the combination of Carbopol molecules and solvent, pH, and temperature.
Viscoelasticity is associated to Carbopol gels (Barry and Meyer, 1979; Bonacucina et al., 2004; Coussot et al., 2009 (Islam et al., 2004; Kim et al., 2003; Amanullah et al., 1997; Barry and Meyer, 1979) .
In this article, we first aim to characterise the rheology of a non- 
Experimental setup and methodology

Rheology characterization
The fluids of interest in this research are glycerol and a Carbopol gel made of polyethylene glycol (96%) and Carbomer (4%). The rheological properties of glycerol are available in the literature (Green, 2008) , but the rheology of the Carbopol gel has not been studied before. For the development of the CFD model for the mixing of these fluids we need to determine the constitutive equation that describes the viscosity of mixtures of this particular gel with glycerol at different gel mass fractions and shear rates and at different temperatures. We studied the whole range of gel mass fraction in intervals of 10%. This results in 11 mixtures, including the two pure compounds. Each mixture was studied at thirteen equallyspaced temperatures, between 25 • C and 85 • C, this range being dictated by the operating conditions of the industrial mixing process. For each gel concentration and temperature considered, the viscosity of the mixture was evaluated at fifteen equidistant points (in which the experimental results were repeatable) in a logarithmic scale of shear rate in the range of 1 s −1 -250 s −1 . This range is similar to that in other studies (Ramsay et al., 2016; Sossa-Echeverria and Taghipour, 2014; Pakzad et al., 2013b) and is the recommended one for laboratory-scale mixing processes (Schramm, 1994) . Moreover, we followed the Metzner-Otto approach (Metzner and Otto, 1957) , and we found that the parameter k s for the impeller is equal to 9.61 ± 1.01, which is in agreement with the literature (Torrez and Andre, 1999) . With this k s value the average shear rates produced by the impeller were found to vary from 8 to 240 s −1 , which is within the range studied. Viscoelastic properties were checked, and were found not to be significant in the range of our study. Within the shear rate range considered, the error associated with the accuracy of the instrument is negligible. The main source of error of the rheological experiments comes from the heterogeneity in the samples. The rheological experiments were repeated at least twice, and the average standard deviation of all rheology data is 4.55%. The measurements were carried out in an Anton Paar Physica MCR 301 rheometer with parallel plate geometry. In this configuration the shear stress is evaluated at the rim of the upper plate, where both shear stress and shear rate have maximum values. Indicative results are shown in Fig. 1 , which correspond to low and high values of gel mass fraction in the mixture (40% and 80%) and to low and high values of temperature (40 • C and 60 • C).
For generalized Newtonian fluids the deviatoric stress tensor is a function of a non-Newtonian (that is, non-constant) viscosity Á and of the rate of strain tensor D (equal, by definition, to the symmetric part of the velocity gradient tensor): The non-Newtonian viscosity Á is usually a function of two coefficients: the consistency index K and the power-law index n:
where the shear rate magnitude ˙ is a non-negative scalar defined as:
Some fluids require a minimum stress to flow, referred to as yield stress ( 0 ). If additionally these fluids have shear-thinning behaviour, they can be modelled with the Herschel-Bulkley model:
where K and n have the same meaning as above, and is the magnitude of the deviatoric stress tensor; this is a nonnegative scalar defined as:
The rheological data obtained were used to fit the parameters K and n of the power law model (to fit the data we used the least-squares method). For the four cases shown in Fig. 1 , the values of these parameters are presented in Table 1 . This same approach was followed for all conditions studied, and a total of 143 values for each coefficient, K and n, were determined, which correspond to the 11 gel mass fractions and 13 temperatures considered (Appendix A). The coefficients can be calculated at any value of gel mass fraction from 0 to 1 and temperatures from 25 to 85 • C through linear interpolation. The mean interpolation errors for each set of data were calculated using Eq. (9), and are also presented in Table 1 .
Here x i,exp and x i,m are the experimental and modelled values for each set of data, i denotes the number of discrete values and N is equal to 15, which corresponds to the number of shear rate values included in the study for each gel mass fraction and temperature. The mean percentage errors in the estimation of the K and n coefficients for the remaining cases can be found in Appendix A. The same approach was followed using the Herschel-Bulkley model. We found very good agreement with the experimental data presented in Fig. 1 Tables B1, B2 , and B3 in Appendix B so they can be used for simulations at different conditions where yield stress may be important.
Experimental measurements of power consumption
Power requirements for the mixing of the Carbomer gel/glycerol solutions were measured experimentally at certain concentrations and temperatures in order to validate the CFD model of the stirred tank with the viscosity function developed from the rheological measurements. The measurements were carried out in a stirred tank fitted with a standard Rushton impeller (Rushton et al., 1950) . This configuration was chosen because there are power curves available in the literature for Newtonian fluids, which we used for initial validation of the CFD simulations. The set up consists of a transparent cylindrical tank of internal diameter D T = 18.8 cm and a Rusthon turbine of diameter D = 6 cm. The height of the blades was 1.2 cm. No baffles were present. The height of the fluid, H, was set equal to the tank diameter. The impeller was located at the centre of the tank, 5.4 cm from the bottom, and was driven by a variable-speed motor that could operate in the range of 50-2000 rpm (IKA Eurostar 20) (Fig. 2) .
To measure power consumption, torque transducers are often used. These, however, can be inaccurate because they may record the power consumed for mixing the fluid along with losses at the mechanical parts of the rotor. A precise way to measure power consumption is to use an air bearing system (Paul et al., 2004) . A schematic of the air bearing system used in this work is shown in Fig. 2 . The air bearing is made of metal, has a cylindrical shape and consists of three parts: a main body, an air distribution plate and a rotational table. Air is pumped into the main body via a nozzle at the bottom of the air bearing and reaches the distribution plate at the top. The distribution plate has many holes at its periphery that generate a uniform air layer above it, which lifts the rotational plate. If a stirred tank is placed on top of the rotational plate, the tank is lifted with the plate. When the mechanical stirrer starts rotating, the force transmitted by the impeller to the fluid, and eventually to the tank, makes the tank and the rotational plate rotate at the same angular speed as the impeller. From the force that is required to stop the rotation of the rotational plate, the torque applied by the impeller, and thus the power required to agitate the fluid, can be calculated. This force is measured with a load cell (Omega LCM601-1) and recorded via a data acquisition system and software (Omega IN-USBH). To measure the force, an arm attached to the rotational plate is brought to rest on the load cell as shown in Fig. 2 . The power required is calculated using the following equation: 36 h 0% the load cell, and x (m) is the radial distance from the axis of rotation of the impeller to the application point of the force F (at the centre of the measuring surface of the load cell). Dimensional analysis of the agitation of non-Newtonian fluids following the power law model shows that the relevant dimensionless groups are the following (Rieger and Novak, 1973) :
where (kg m −3 ) is the density of the fluid, D (m) is the diameter of the impeller and n is the power-law index as described above. The first term in Eq. (11) is the Reynolds number Re and the second is the Power number Po. Here we are not accounting for variations of the liquid free surface, generally characterised by the Froude number; this is because the free surface of the high-viscosity fluids considered in this work is essentially always flat at all the conditions investigated.
In the laminar regime, the three dimensionless numbers reported above are related as follows (Rieger and Novak, 1973; Metzner and Otto, 1957) :
where A and k are constants that depend on the geometry of the impeller and of the tank. As mentioned, to validate the CFD simulations and provide a baseline for the non-Newtonian case, we studied initially a Newtonian fluid system. For these experiments glycerol at 20 • C was used and stirring was carried out at five impeller speeds (between 1 rpm and 250 rpm) within the laminar flow regime. We investigated only laminar flow because the nonNewtonian fluid mixtures included in the study are highly viscous and at the impeller speeds of interest the flow is laminar. The power measurements with the non-Newtonian mixtures were carried out for two temperatures, 40 • C and 60 • C, gel mass fractions of 100%-20% in intervals of 20% and a minimum of five impeller speeds. The tank containing the sample was put in an oven with temperature control, and was left overnight to let the sample reach the required temperature. The experiments at high temperature were conducted the following day. Prior to the experiments, we measured the temperature at different points in the tank (a minimum of five), and in all cases we found that the maximum temperature difference in space was lower than 5 • C. Once an experiment at high temperature was finished, we left the sample to cool down at room temperature until it reached the required lower temperature. The sample was agitated with the mechanical stirrer described in the paper. When the temperature reached the required value, we again measured it at five different locations and found that the maximum temperature difference was about 5 • C. In all measurements the tank was filled with the fluid, glycerol or gel/glycerol mixture, up to height H, the pressurised air was introduced in the air bearing and for each impeller speed the force required to stop the rotation of the rotating plate of the air bearing was measured with the load cell.
CFD solution
CFD approach
In all our experiments the free surface of the fluid remained flat, even though there were no baffles present. Therefore, to avoid using multiphase models, we simulated only the region occupied by the fluid (so, the computational domain only included this region), which extends from the bottom of the tank up to a height equal to H (Fig. 2) . At the top boundary, where the liquid-gas interface is, the three components of the viscous stress force referring to the unit vector normal to the interface were set equal to zero. Additionally, on all the solid surfaces bounding the computational domain, the no-slip boundary condition was applied. The two main approaches for modelling stirred tanks are the Reference Frame (RF) and the Sliding Mesh (SM). The RF convergences fast, but it is suitable only for steady-state flows. In a stationary frame of reference (stationary relative to the laboratory) the flow in the stirred tank is unsteady. However, the flow is steady relative to a reference frame integral with the impeller, which therefore rotates with a rotational velocityrelative to the stationary frame. This is a non-inertial frame, but the flow is stationary with respect to it. In contrast, SM is suitable also for unsteady flows, for which it provides a time dependent solution, but at the expense of significant computational effort and time. In the SM approach, the geometry should have at least two connected non-deforming sections that slide in relation to each other. All the moving parts (in this case, the impeller) need to be part of the moving zone. For the present studies, we employed as moving zone a cylinder concentric with the impeller, with 10 cm diameter, bottom at 3 cm below the impeller and top at the liquid surface. The elements outside this cylinder formed the stationary zone. In this case it is not necessary to introduce a non-inertial reference frame; instead, the rotational speed (− ) can be assigned directly to the moving objects.
RF is the preferred approach when its predictions are the same as those given by the SM approach. To decide what approach to adopt, we tested both of them in two case studies where glycerol at 27 • C and gel at 85 • C were stirred at 100 and 1000 rpm impeller speeds respectively. At these conditions the flow is laminar in both cases. The results of the test are presented in Section 4.
Rheology implementation
Power law model
We implemented the rheology model via a user defined function to be able to account for the errors presented in Table 1 . The coefficients K and n of the power law expression for the fluid viscosity were determined from the experimental rheology curves. Eqs. (4)- (6) were included in the user defined function, and the rate of strain tensor was computed using the partial derivatives of the components of the velocity vector field: 
For incompressible fluids, the trace of this tensor vanishes, so that the stress tensor is deviatoric, as previously pointed out.
Herschel-Bulkley model
Some simulations were repeated with the Herschel-Bulkley model to check any differences between the two rheological models. For these cases we used the model embedded in ANSYS Fluent in its default formulation.
Grid independence
The computational solution depends not only on the modelling approach but also on the grid used in the simulation. Very fine grids give more accurate solutions but are computationally demanding. We aimed therefore to find an optimum grid size that provides a reliable and grid-independent solution at a reasonable time for all the fluids considered in this study. To determine the optimal grid size for the geometry described in Fig. 2 , we simulated the agitation of glycerol (Newtonian case) at 27 • C at 100 rpm impeller speed (this results in laminar flow; the Reynolds number is approximately equal to 9.5). Moreover, to ensure that the mesh is also optimum for the non-Newtonian case, we included in this evaluation the fluid with the highest shear thinning behaviour (that of the pure gel at 85 • C), choosing an impeller speed of 1000 rpm, whose corresponding Reynolds number is approximately equal to 5. We used the mesh quality that provided accurate solutions for both extremes. Grid independence was checked for both the Reference Frame and the Sliding Mesh modelling approaches (Tables 2 and 3 ). The SM approach with the highest mesh quality provides the most accurate torque results. Therefore, the difference from this value of the torque computed on the surface of the impeller for each case (Eq. (14)) is also reported in Tables 2 and 3 .
Error with respect to high quality SM [%]
For the SM simulations we used a time step equivalent to 1 • per step, which allows capturing the transient behaviour of the torque. The simulation was run until a periodic solution was reached, after four complete revolutions. The results presented in Tables 2 and 3 were obtained by averaging the torque on the impeller during the fifth revolution.
The results in Tables 2 and 3 indicate that the RF model provides an accurate solution, particularly when the mesh quality is high for the Newtonian case (fourth and fifth rows of Table 2 ) and in all mesh qualities studied for the non-Newtonian case (power law model). Moreover, the time required to solve this model is significantly lower compared to the SM approach (e.g. 25 min compared to 24 h for mesh quality about 360k cells). An additional way to evaluate the two approaches is to compare the torque on the surface of the impeller (M impeller ) against that on the walls of the tank (M walls ); by conservation of angular momentum, at steady state the two values of the torque have to be the same. Tables 4 and 5 present the torque computed on the surface of the impeller (Eq. (1)) and the torque differ- 
where A W is the surface of the tank walls including the tank bottom.
As we see, the difference in the torque is significant in the first four rows of Table 4 , and it is only with the highest quality mesh that a good agreement is obtained. In the case of the non-Newtonian fluid, this error does not depend on the mesh quality, and it is comparable to that of the highest quality mesh for the Newtonian case. We conclude that the optimal mesh quality for our particular model corresponds to the fifth row of Table 4 . The mesh is presented in Fig. 3 . The computations were carried out using a 3.50 GHz Intel ® Xeon ® CPU E5-1650 v2 with 16.0 GB RAM. The tank and impeller were drawn with AutoCAD. The different meshes were created with ANSYS Workbench. Unstructured meshes were preferred because of the shape of the impeller. The fluid dynamics were modelled using ANSYS Fluent 16.1. We set up the solution method as follows: for pressure and velocity coupling we used the Coupled strategy; in terms of spatial discretization we used the least squares scheme for evaluating the spatial derivatives, the second order interpolation scheme for the pressure, and the second order upwind scheme for the momentum. For the steady-state simulations, we let the solver run until a plateau was observed on the scaled residuals of the continuity equation, and of the x-, y-and z-velocities. The absolute scaled residuals were recorded and then used as a convergence criterion for the transient simulations.
4.
Results and discussion
Newtonian case
As was discussed before, a few experiments and CFD simulations were carried out with a Newtonian fluid to provide a baseline for the non-Newtonian study. The power number obtained experimentally for the stirring of pure glycerol at 20 • C is plotted against the Reynolds number in Fig. 4 . The error bars account for the measurement error of the load cell, which is 0.03% of the maximum value it can read (9.8 N). The results are in good agreement with the power curve suggested in the literature for mixing in geometrically similar systems equipped with a Rushton turbine (the error is less than 10%). In the same figure the power numbers computed with CFD using pure glycerol at 20 • C as working fluid rotating at different impeller speeds from 30 to 120 rpm, RF as modelling approach and highest mesh quality (Table 4) are also shown. As we can see, there is very good agreement between the experimental, computational and bibliographical sets of data.
Non-Newtonian case
As discussed in Section 2, the torque and power consumption were measured for the mixing of five non-Newtonian glycerol/gel mixtures at a minimum of five impeller speeds and at two different temperatures. In Figs. 5 and 6 the experimental torque values are plotted against the impeller speed for two different cases: 80% gel mass fraction at 60 • C and 40% gel mass fraction at 40 • C. Similar curves were obtained for all the other cases investigated. The errors in these experiments owing to the measuring error of the load cell (0.03% of the maximum value) are negligible, and are not shown. In the same figures, the CFD predictions are also included. We used both the power law and the Herschel-Bulkley models, and minor discrepancies between them were found (less than 1%). We attribute this agreement to the low value of the yield stress compared to the averaged stresses around the impeller computed using the Metzner-Otto approach. Therefore, in what follows we use the power law model. The stirred vessel was not insulated and there were small variations in the temperature of the mixture during the experiments, both in space and time. To account for this, we measured the temperature at different points inside the mixing tank before and after the torque readings and we used the overall maximum and minimum temperature values recorded for the CFD simulations. Hence, we present two computational results for each experimental measurement, corresponding to the highest and the lowest temperatures recorded. The computational results are also subject to uncertainty that arises from the fitting of the rheological curves when determining the coefficients of the power law model at the different concentrations and temperatures. This error, which is presented in Table 1 , was included in the viscosity function and implemented in CFD (Eq. (17)) to determine the error bars of the computational results.
At higher temperatures the value of the viscosity is smaller, and consequently the torque is smaller as well. To calculate the lowest values of the torque expected as a result of the fitting error in the simulations with the maximum fluid temperature, we used the negative sign in Eq. (17). Similarly, the lowest temperature would give the highest torque values. In this case, to calculate the highest torque values expected, we used the positive sign in Eq. (17). We used these two extreme cases to determine the computational errors, which decrease the torque values at the high temperature simulations and increase them at the low temperature simulations. We expect the experimental torque to fall between the computational results.
In Fig. 5 , all the experimental results fall between the two computational curves. The same happens in Fig. 6 for impeller speeds below 400 rpm. However, at higher impeller speeds the experimental torque values are closer to the upper CFD curve, which corresponds to the minimum experimental temperature. This difference may be caused by the actual temperature distribution inside the tank. We only measured the temperature at a few locations at the beginning and at the end of the experiment, and did not have the complete temperature distribution in space and time. It is possible that most of the fluid in the tank was at low temperature and for this reason the simulated torque values for low temperatures are closer to the experimental ones.
The power curves of the above systems are shown in Figs. 7 and 8 , where the Power and Reynolds numbers were calculated from Eq. (11). The experimental error bars are negligible and have been omitted, while the error bars for the CFD simulations are shown, but are very small. As can be seen, the agreement between the computational and experimental data is very good, which indicates that the CFD model can be used to predict the torque applied by a Rushton turbine using the experimental rheology model. In addition, the slope of the experimental and computational results is very close to −1, which confirms that the flow regime is laminar in all cases. Similar results are found for the other cases considered.
In addition we present the viscosity profiles and velocity vectors of the three different fluids presented above: pure glycerol at 20 • C, gel 80% at 60 • C, and gel 40% at 40 • C agitated at 100 rpm (Fig. 9 ) and at 500 rpm (Fig. 10) on the plane that corresponds to the middle of the impeller. It is possible to see that the tangential velocity next to the impeller is identical for all fluids on each figure, but the velocity vectors decay very fast in both non-Newtonian fluids compared to the Newtonian case. It can also be observed that the viscosity profiles in the nonNewtonian fluids are heterogeneous due to the shear thinning behaviour: an increase of viscosity with the distance from the impeller, and a sudden reduction near the walls of the tank. When we compare Figs. 9 and 10, we can see that in the latter the magnitude of the velocity vectors is larger, while the low viscosity area for the non-Newtonian fluids becomes greater because of the increased impeller speed.
Conclusions and future work
In this study, we evaluated the rheological properties of different mixtures of glycerol and a gel made of polyethylene glycol and Carbomer, which are used in the manufacturing of non-aqueous toothpastes. The constitutive equation that relates the viscosity to the fluid temperature, gel mass fraction and shear rate was well characterized by a power law model. We then developed a CFD model of a simple stirred tank and we implemented the rheology model in it. We validated the model using a sophisticated experimental setup able to accurately measure the power consumption of the impeller, which involves the use of an air bearing and a load cell instead of torque meters. This work will set the ground for the modelling of a real system for the manufacturing of non-aqueous toothpastes.
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Appendix A.
In this Appendix we provide the values of the power law model coefficients (Eq. (5)) that can be used to predict the viscosity of mixtures of the Carbomer gel and glycerol for shear rates in the Table A3 -Averaged percentage errors in the estimation of the K and n coefficients to be used in the power law model. (Tables A1 and A2 ).
The averaged percentage errors in the estimation of the K and n coefficients to be used in the power law model are presented in Table A3 .
Appendix B.
In this Appendix we provide the values of the Herschel-Bulkley model parameters (Eq. (7)) that can be used to predict the viscosity of mixtures of the Carbomer gel and glycerol for shear rates in the range of 1-250 s −1 and temperatures in the range of 25-85 • C (Tables B1-B3 
